The design and status of a silicon strip vertex detector for the Mark II experiment at the SLAC Linear Collider are described. In the near future the Mark II experiment will begin the study of the Z" at the SLAC Linear Collider (SLC). In order to study the decays of the Z" to short-lived particles, we are developing a silicon strip vertex detector (SSVD) for use in the Mark II detector. The physics motivation and preliminary design for the SSVD have been given in ref. [l]; in this paper we will describe the present design and status of this device.
,;' 1; Introduction .
In the near future the Mark II experiment will begin the study of the Z"
at the SLAC Linear Collider (SLC). In order to study the decays of the Z" to short-lived particles, we are developing a silicon strip vertex detector (SSVD) for use in the Mark II detector. The physics motivation and preliminary design for the SSVD have been given in ref. [l] ; in this paper we will describe the present design and status of this device.
We note that the SLC is a very good place for a high precision vertex detector.
First and foremost, there is the potential for wonderful physics, as the Mark II experiment at the SLC is expected to provide the first detailed look at the 2".
Second, the SLC is designed to have a small beam spot (u=,~ = 2 pm; a, = 1 mm) which should allow for a precise localization of the primary vertex. Third, there will be a small beam pipe radius (r = 2.6 cm). A vertex detector placed just outside the beam pipe will have a small lever arm for track extrapolation and multiple scattering, and thus, potentially, a small error on the impact parameter measurement. Moreover, a small radius device needs to cover only a relatively small area, which is a feature of particular importance for a silicon detector. (The SSVD will cover a total area of 500 cm2 in three layers). Finally, the low beam crossing frequency of the SLC (5180 Hz) implies a low duty cycle and therefore low power consumption for the read-out electronics.
We further note that the SSVD is complementary to the Mark II vertex drift chamber (VDC), described in ref. [2] , which is located at a larger radius. The VDC measures track angles precisely with a long lever arm, and provides good pattern recognition capabilities with many hits per track. The SSVD provides a few high precision points very close to the interaction region and very good 4 -1.
- In order to achieve high efficiency in the detection of charm and bottom particles, the impact parameter resolution should be 520 pm for particle momenta above l-2 GeV/c.
The SSVD must fit into the available (small) space. This space consists of a well in the beam pipe with a 2.6 cm radius and a length of 28 cm. The outer radius is limited by the inner wall of the vertex drift chamber at 4.4
cm.
The solid angle coverage should be -80% of 4n sr so as to correspond to the good tracking region of the central drift chamber.
In order to reduce multiple scattering, gamma conversions, and particle interactions, the amount of material should be minimized.
: -'-_ (e) The detector and the associated read-out electronics must be able to withstand the radiation environment of the SLC. The calculated dosage is 20 rads/year for normal SLC operation (31. However, background levels are notoriously difficult to calculate (especially for a new machine design such as the SLC), so we would like our detector system to be radiation resistant at levels at least two to three orders of magnitude higher than the calculated value.
(f) The tracking efficiency should be high and track angles should be measured for matching to tracks observed in the vertex and central drift chambers.
Track-angle matching will reduce the background due to accidental hits in ; _T_ the SSVD. Thus at least two separated tracking layers are required. In order to satisfy the severe design constraints and goals given above, we have adopted a solution in which we will use silicon microstrip detectors read out with a custom-designed integrated circuit (the "Microplex" chip [4] ). A custom read-out chip is required as the space constraints rule out the option of using conventional electronics.
There is one desirable goal-two-dimensional coordinate information-which we will not attempt to implement in this first-generation colliding beam silicon vertex detector. Only azimuthal cooordinates will be available.
Beam Test Results
In order to confirm that our proposed detector technology is capable of meeting the requirements on spatial resolution, two-track separation, efficiency, and separation between signal and noise that we will require in the final vertex detector, we constructed a telescope of three fixed-target-style silicon detectors. Each detector had strips of 25 pm pitch read out with two Microplex read-out chips.
This telescope was tested in a 15 GeV e+ beam at SLAC with tracks at normal incidence. These tests are described in reference [5]; here we give only a brief summary of the results:
-the efficiency of a single detector was (QQ.QQ~O.Oi)%;
-the background noise rate was less than lo-' per strip per event;
-the ratio of the-total signal to the noise in a single channel was 17:l; -1.
--the spatial resolution was better than 5 pm; and --.a---the two-track separation resolution was better than 150 pm, with no deterioration in spatial resolution.
Encouraged by these results, we proceeded with the design of the SSVD. 
.1 The Silicon Microstrip Detectors
A description of the three silicon detector types (one for each layer) is given in Table 1 . In order to cover production angles down to 40°, active detector lengths ;-up to 90 mm are required. Thus to avoid the problems associated with connect-. . _ ing two short detectors together to form a longer detector, we proceeded with the development of detector fabrication on 4-inch diameter wafers. Previously, fabrication was only available on wafers up to 3 inches in diameter.
We have recently tested a batch of twelve prototype silicon detectors (four of each size) fabricated on &inch wafers [6] . The leakage current per strip Ilecrk was measured at a bias voltage about 10 V above the depletion voltage and at a temperature of 25OC.
We consider a strip to be acceptable provided that &k 5 200 nA; above this value of leakage current, the shot noise contribution begins to become nonnegligible, and the dynamic range of our electronics is exceeded. We find that 99.9% of the strips are acceptable. Moreover, 99% of the strips have &,,k 5 10 nA. Hence our testing so far indicates that satisfactory detectors up to 9 cm in active length can be made.
We have also investigated the effects of radiation on detector leakage current.
A single layer-3 detector was irradiated up to 220 krad in a s°Co radiation well.
There was no detector bias voltage applied during the irradiation.
We found that the strip leakage current increased linearly at the rate of = 90 nA per Mrad.
Taking account of the strip volume (this is useful if the damage is a bulk effect) we can express the leakage current increase as k: 10m4 A per cm3 per Mrad. These results imply that radiation exposures up to two Mrad should give acceptable strip leakage currents.
The Micropkz Integrated Circuit -
The Microplex read-out chip contains 128 channels of charge-sensitive amplie fiers with multiplexed analog output. The design has evolved from the original one (version 1 -described in ref. [4] ) t o include double-correlated sampling (version 2-see ref. [7] ), as well as options for sparse-field read-out and rapid turn-on 
Mechanical Support and Alignment
In order to capitalize on the intrinsic detector module spatial resolution of 55 pm, it is necessary to have.a mechanical support structure, in conjunction with an alignment strategy, that will provide known and stable positions of each module to much better than 5 pm. We do not intend that the mechanical support structure should set the placement of the modules to very high precision;
this would be very difficult and costly to achieve. Instead, the support structure should provide moderate placement accuracy (-12 pm) with high placement stability (~2 pm). The actual positions of the modules are then measured to high _ precision (-2 pm) with the alignment procedure described in section 4.3.2. Fig. 3 shows a photograph of the mechanical support structure. The SSVD will be made from two hemi-cylmdrical structures; these will be independently mounted on the beampipe with a three-point suspension. Each hemi-cylinder will be composed of slotted aluminum end-pieces (fabricated with electrodischarge machining), plus inner and outer beryllium shells (each approximately _ i ,c-' 0;11% r.1. thick). A detector module will be inserted into opposing slots in the .
The Mechanical Support Structure --_??_ --
two endpieces. Two compressed-spring fixtures, 'one glued onto each end of the module, will locate and hold the module in the slots. With this system, we expect to obtain relative positions of the modules which will be accurate in the azimuthal direction to better than 12 pm, and which will have a long-term stability better t&m 2 pm.
Alignment
The basic elements to be aligned are the 36 detector modules, not the 18,000
individual strips. The inter-alignment of the 512 strips on an individual silicon detector is provided by the photolithographic process, as developed for integrated circuit fabrication, and is accurate to better than 1 pm over the detector area.
This brings an enormous simplification to the alignment procedure.
The initial step in the alignment strategy concerns the relative alignment of the 18 modules that make up one of the two hemi-cylindrical sections of the SSVD. This will be achieved by (a) optical position measurement of the modules during the assembly; (b) relative position measurements for the completed system using a high energy charged particle beam or a collimated x-ray beam; and (c) checks on the alignment, after installation in the Mark II detector, with tracks from Z" decays.
-The next step is the alignment of the SSVD hemi-cylinders relative to the vertex and central drift chambers (VDC and CDC). This will be done with high momentum tracks from 2" decays and cosmic rays. In order to compensate _T_ for possible movement of the SSVD with respect to the VDC and CDC during -----i* the time necessary to accumulate.enough tracks to give the desired accuracy, the relative position of the SSVD and VDC will be monitored with capacitive probes.
These probes will be mounted on the outside of the SSVD and will match with ground pads placed on the inner wall of the VDC. The expected impact parameter resolution ob for the SSVD (using the hits from the VDC and CDC as well), as a function of track momentum p, is shown in fig. 4 . This is for particles at a production angle of 90'. The calculation is based .= on the SSVD geometry and material, and assumes an intrinsic spatial resolution of 5 pm. It also takes account of the 0.36% r.1. thickness for the beam pipe.
The curve shown in fig. 4 is specified by:
with p expressed in units of GeV/c and ob given in pm. -The "5" comes from -the intrinsic resolution and the %7/p" is due to multiple scattering. This result 'satisfies the design goal for ob as given in point 2a.
Status and Summary i
,c-' -Fizqd Target Style Detectors: a telescope of three detectors has been tested in . a beam and gave clean separation between signal and noise, a spatial resolution better than 5 pm, and a two-track separation better than 150 pm. One of these silicon detectors was placed at the center of the Mark II detector and successfully took data on cosmic ray events.
The Silicon Detector Module: all the separate parts for a number of prototypes are in hand and working, including silicon detectors fabricated from 4-inch diameter wafers. A prototype module is being assembled and will soon be tested both electrically, and with 60 keV x-rays from an 241Am source (60 keV corresponds to 77% of the signal from a minimum ionizing particle at normal incidence). The effects of radiation damage on the custom-designed read-out chips are being studied. _z.
-.- 
